In a molecular screen for cDNAs that encode protamine RNA-binding proteins, we obtained seven independent clones that encode Tenr, a testis nuclear RNA-binding protein. Tenr is a 72-kDa protein that has one copy of a previously described RNAbinding domain. Northwestern blotting experiments showed that a maltose-binding protein-Tenr fusion binds to a variety of RNAs in vitro and that it does not bind to single-stranded or double-stranded DNA. The Tenr gene is transcribed exclusively in the testis, and its mRNA is restricted to cells from the pachytene spermatocyte stage through the round spermatid stage. Immunolocalization of the Tenr protein within the testis showed that it is first detected postmeiotically, demonstrating that the Tenr mRNA is under translational control. The Tenr protein is localized to round and early elongating spermatid cells, and confocal microscopy revealed a lattice-like nuclear distribution suggesting association with the nuclear scaffold. We suggest that the Tenr protein may be involved in testis-specific nuclear posttranscriptional processes such as heterogeneous nuclear RNA (hnRNA) packaging, alternative splicing, or nuclear/cytoplasmic transport of mRNAs.
INTRODUCTION
Spermatogenesis is a developmental process that utilizes various mechanisms of gene regulation, many of which occur post-transcriptionally. There are numerous examples of messages that are specifically alternatively spliced during spermatogenesis, several of which are expressed exclusively in the haploid round spermatid [1] [2] [3] [4] . Other messages are translationally controlled and are stored in translationally inert mRNA ribonucleoprotein particles (mRNPs) for several days prior to their ultimate translation [5, 6] . Transcription from the haploid genome ceases midway through spermiogenesis, well before much of the structural development of the spermatid has taken place, constituting the need for such posttranscriptional means of gene regulation [7, 8] .
Posttranscriptional gene regulation can occur at various levels through the function of both message-specific and message-nonspecific RNA-binding proteins. Tissue-specific alternative splicing may involve distinct cell-specific RNAbinding components that modulate different RNA:RNA interactions between small nuclear RNAs (snRNAs) and specific regions of heterogeneous RNAs (hnRNAs), as well as numerous protein-protein interactions that can influence splice-site selections (reviewed in [9, 10] ). Control can also be exerted at the level of mRNA transport both out of the nucleus and within the cytoplasm. Nuclear RNA transport is likely to involve RNA-binding proteins that "shuttle" between the nucleus and the cytoplasm [11] . Once an mRNA has reached the cytoplasm, regulation can be exerted at the Accepted January 26, 1995. Received December 6, 1994 . 'This work was partially supported by grants from the March of Dimes Birth Defects Foundation (RE.B.) and the National Institutes of Health (RE.B.).
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level of localization, stability, polyadenylation, and translational repression. The 3' untranslated regions (UTRs) of many messages are known to be involved in such events and are likely to exert their influence through interactions with specific RNA-binding proteins [12] [13] [14] [15] [16] [17] [18] [19] . The mouse protamine 1 (Prm-1) gene encodes a male germ cell-specific mRNA that is stored as a cytoplasmic mRNP from the time it is first transcribed in postmeiotic round spermatids [19] [20] [21] until its translation up to a week later in elongating spermatids [5, 22] , after transcription from the haploid genome has ceased [7, 8] . The cis-acting elements necessary for the delay in Prm-1 translation have been mapped to the 3' UTR through the use of reporter genes in transgenic mice [19, 23] . Because the 3' UTR is involved in many aspects of mRNA metabolism as well as translational control, we were interested in finding proteins that could bind to sequences within the 3' UTR and mediate the processing, transport, or translational repression of the Prm-1 message. To clone cDNAs for such RNA-binding proteins, we screened an expression library of cDNAs from pachytene spermatocytes and round spermatids with a Prm-1 3' UTR RNA probe. The screen yielded five previously unidentified mouse genes. One of these genes, Tenr, is expressed exclusively in the testis and encodes an RNA-binding protein that is concentrated in a lattice-like network in the nuclei of round spermatids. We propose that the Tenr protein (testis nuclear RNA-binding protein) may be involved in spermatid-specific post-transcriptional gene regulation.
MATERIALS AND METHODS

Mice
All mice were purchased from either The Jackson Laboratory (Bar Harbor, ME) or Simonsen Laboratories Inc. (Gilroy, CA).
Expression Library Screen
Lambda gtll 1 expression libraries prepared with cDNAs from mouse round spermatid and pachytene spermatocyte mRNA were plated, and expression was induced by overlaying the plaques with nitrocellulose filters soaked in 10 mM isopropylthiogalactoside (IPTG). The plates and filters were incubated at 37°C for 6 h. The filters were then blocked in Blotto (5% nonfat dry milk, 50 mM Tris-HCI [pH 7.5], 50 mM NaCI, 1 mM EDTA, 1 mM dithiothreitol [DTT]) for one h at 22°C. The filters were air dried at 22°C for 15 min and incubated at 4C in Hepes binding buffer (25 mM Hepes [pH 7.9], 25 mM NaCI, 5 mM MgCI 2 , 0.5 mM DTT) with 6 M guanidine-HCI two times for 10 min each. They were then incubated at 4°C in double-strength serial dilutions of guanidine-HCI (in Hepes binding buffer) for 5 min each for a total of five dilutions (final dilution of 0.188 M guanidine-HCI). The filters were transferred to Hepes binding buffer and washed two times for 5 min each, followed by incubation in Blotto for 30 min at 4 0 C. The filters were then soaked in Hepes binding buffer with 0.25% dry milk for 1 min. The filters were hybridized with 100 ng/ml of a digoxigenin-labeled (Genius kit; Boehringer-Mannheim, Indianapolis, IN) sense-strand probe of the Prm-1 3' UTR in binding buffer for 60 min at 22°C. The filters were washed four times in Hepes binding buffer for a total wash time of 30 min. Positive plaques were detected with a Genius digoxigenin-labeled nucleic acid detection kit (BoehringerMannheim).
DNA Sequencing
A series of nested deletions were produced from the Tenr cDNA clone (in a Bluescript KS(-) vector [Stratagene, La Jolla, CA]) as previously described [24] . Both strands were sequenced by the dideoxy sequencing method using a Sequenase kit (USB, Cleveland, OH). DNA sequence analysis was performed with the Intelligenetics suite and Blast programs (Intelligenetics, Mountain View, CA).
Fluorescence In Situ Hybridization (FISH)
A cDNA probe containing a 2-kb insert corresponding to the mouse Tenr gene was labeled with biotin-11-dUTP by nick translation (Gibco BRL, Gaithersburg, MD). The size of the product was determined to be between 200 and 400 bp. Metaphase chromosome preparations from lymphocytes of a male C57BL/6J mouse were obtained through use of 0.075 M KCI as a hypotonic buffer and methanol:acetic acid (3:1 [v/v]) as fixative. Slides were denatured in the presence of 70% formamide at 70°C. The hybridization was carried out as previously described [25] . The hybridization signals were detected through use of a detection system from Vector (Burlingame, CA). After incubation with goat anti-biotin antibody, slides were rinsed in posthybridization buffer (0.2 M NaH 2 PO 4 , 0.2 M Na 2 HPO 4 , 0.15 M NaCI, 0.1% Tween 20, and 0.15% BSA). A second incubation with fluorescein-labeled anti-goat IgG and a rinse in posthybridization buffer followed. The chromosomes were banded by means of Hoechst 33258-actinomycin D staining and were counterstained with propidium iodide. The chromosomes and hybridization signals were visualized by fluorescence microscopy using a dual band pass filter (Chroma or Omega, Brattleboro, VT).
Fusion Protein
Two maltose-binding-Tenr fusion proteins were prepared by cloning a 700-bp EcoRI-Pst I fragment and a 600-bp Pst I fragment into the EcoRI and Pst I sites of the expression vector pMAL-c2 (NEB, Beverly, MA). The cloned fragments were placed in-frame with maltose-binding protein (MBP) by cutting in the polylinker with Sal I, treating with mung bean nuclease or the Klenow fragment of DNA polymerase, and religating the plasmids. Transformed DH5a Escherichia coli cells were grown at 30°C to an O.D. of 0.5, induced with IPTG, harvested, and lysed as described (NEB). The lysate was passed over an amylose resin column and washed, and the bound fusion protein was eluted with excess maltose as described (NEB). Protein concentrations were determined by a Bradford assay (Bio-rad, Hercules, CA). Protein-containing fractions were pooled and concentrated in a Centricon-30 column (Amicon, Beverly, MA).
Northwestern Analysis
Purified fusion protein extracts were diluted in Laemmli buffer and electrophoresed on 8% SDS-PAGE gels [26] . The gels were blotted onto nitrocellulose through use of an electroblotter run with water-cooling at 200 mA for 2 h in a Tris-glycine buffer (25 mM Tris, 192 mM glycine) at 4C. The blots were denatured and renatured as described above for the expression library screen. RNA probes were prepared from cloned DNA in Bluescript vectors (Stratagene) using SP6, T7, or T3 RNA polymerase (Promega, Madison, WI) with [La-32 P]-UTP (Dupont, Boston, MA) as the labeled nucleotide. Blots were incubated for 1 h at 22 0 C in 2 ml of Hepes binding buffer + 0.25% dry milk with approximately 45 pmol probe per blot. The blots were washed four times at room temperature for a total of 30 min in Hepes binding buffer and exposed to x-ray film (Kodak, Rochester, NY). To examine RNA-binding strength, the blots were subsequently washed on successive days in Hepes binding buffer with increasing NaCI concentrations up to 1.5 M NaCl. After each wash, the blots were exposed to x-ray film for approximately 14 h.
Northern Analysis
RNAs were extracted from several different adult mouse tissues by homogenization in guanidinium isothiocyanate followed by precipitation with lithium chloride as previously described [27] . Northern blots were run as previously reported [19] . The entire 2.0-kb Tenr cDNA was labeled with [oa-
32 P]-dCTP by random oligonucleotide-primed synthesis. The blot was hybridized at 42 0 C overnight in 50% formamide, 10% dextran sulfate, triple-strength saline-sodium citrate (SSC (single-strength SSC is 3 M NaCl, 0.3 M NaCitrate)), 0.5% SDS, 50 mM NaH 2 PO4, and 100 jig/ml herring sperm DNA. The blot was washed in double-strength SSC and 0.1% SDS at 22°C for 30 min and in 0.2-strength SSC and 0.1% SDS at 65°C for 30 min.
In Situ Hybridization
Adult murine testes were fixed in Zamboni's fixative [28] and embedded in paraffin according to standard procedures. Antisense RNA probes corresponding to a 500-bp Pst fragment from the middle of the Tenr cDNA and to a 250-bp fragment spanning both exons of the Prm-1 gene were labeled with digoxigenin-UTP through use of a BoehringerMannheim Genius kit. Deparaffinized 5-pm testis sections were treated with KPBT (50 pjg/ml proteinase K, 0.13 M NaC1, 7 mM Na 2 HPO 4 , 3 mM NaH 2 PO 4 -H 2 0, 0.1% Tween 20) for 4 min at 22°C, washed in GPBT (10 mg/ml glycine in the above buffer without proteinase K) for 5 min, and washed two times in PBT (0.13 M NaCl, 7 mM Na 2 HPO 4 , 3 mM NaH 2 PO 4 -H 2 0O, 0.1% Tween 20) for 5 min each. Sections were incubated in FPBT (PBT + 5% formaldehyde) for 20 min, rinsed in GPBT, and washed three times for 5 min each in PBT, Slides were rinsed in 100 1l 1:1 HYB:PBT (HYB: 50% formamide, 5-strength SSC, 100 ±g/ml sonicated DNA, 100 Lg/ml tRNA, 50 ILg/ml heparin, 0.1% Tween 20, 10% dextran sulfate) and prehybridized in 200 ml HYB at 50°C for > 60 min. Slides were then hybridized overnight at 50°C in HYB containing 200 ng/ml of the appropriate probe. The sections were washed in 200 l wash buffer (50% formamide, 5-strength SSC, 50 jpg/ml heparin, 0.1% Tween 20) for 20 min at 50°C. Sections were next washed with 200 jpl wash buffer:PBT (1:1) for 20 min at 50°C, followed by four washes of 5 min each in PBT at 50 0 C. Hybridization was detected with an anti-DIG alkaline phosphatase-conjugated antibody (Boehringer-Mannheim). Color reactions were performed in the dark at room temperature with an overnight incubation in AP buffer (100 mM NaCI, 50 mM MgC1 2 , 100 mM Tris-HCl [pH 9.5], 1 mM levamisol, 0.1% Tween 20) containing 337.5 ,ag/ml nitro blue tetrazolium salt and 125 g/ml 5-bromo-4-chloro-3-indolyl phosphate toluidinium salt. Sections were counterstained with Hoechst stain, mounted in 80% glycerol, and examined by light microscopy.
Antibody Production
Antibodies to the Tenr protein were made by injecting New Zealand white rabbits with 100 g of the MBP-Tenr I fusion protein emulsified in Freund's complete adjuvant (Sigma, St. Louis, MO) for the first injection and with Freund's incomplete adjuvant (Sigma) for subsequent injections. All rabbit work was performed by R&R Rabbitry (Stanwood, WA). Antibodies to the Tenr-MBP fusion protein were purified as described previously [24] , by incubating the serum with a nitrocellulose strip that was blotted with the Tenr-MBP I fusion protein. The antibodies were eluted in 0.2 M glycine (pH 2.8), 1 mM EGTA. The elute was neutralized with Tris base and concentrated in a Centricon-30 column (Amicon). The purified antibody was stored at -70°C.
Immunocytochemistry
Testes were removed from sexually mature mice, either randomly bred Swiss Webster mice or F1 or F2 hybrids from C57BL/6J x CBA/J or C57BL/6J x SJL/ J crosses. The tunicas were punctured in several areas and the testes were fixed overnight in Bouin's fixative (750 ml picric acid, 250 ml formaldehyde, 50 ml acetic acid). The tissues were embedded in paraffin blocks and cut into 5-1lm sections. The sections were deparaffinized with xylene and rehydrated according to standard procedures. The sections were incubated with 1/100 to 1/10 dilutions of affinity-purified primary antibody in PBS for 2 h at 22 0 C. Sections were then treated with a biotin-conjugated secondary antibody (1/100 dilution) or a fluorescein isothiocyanate (FITC)-labeled secondary antibody (1/20 dilution) and were visualized by means of a horseradish peroxidase-streptavidin conjugate (Zymed Laboratory, South San Francisco, CA), and aminoethyl carbazole (Vector Laboratory, Burlingame, CA). Preimmune serum and secondary antibody alone were used as negative controls.
RESULTS
Expression Library Screen for Prm-1 3' UTR RNA-Binding Proteins
To clone genes for Prm-1 3' UTR RNA-binding proteins, lambda-gtll cDNA expression libraries prepared with RNA from pachytene spermatocytes and round spermatids were screened with a digoxigenin-labeled RNA probe corresponding to the 156-nt 3' UTR of the mouse Prm-1 gene. In order to increase the probability of finding Prm-1-specific RNA-binding proteins, positive plaques were rescreened with a negative control digoxigenin-labeled RNA probe corresponding to the 184-nt 3' UTR of the human growth hormone (hGH) mRNA. The hGH 3' UTR was used as a negative control because experiments in transgenic mice have shown that a chimeric message with the hGH coding region and the 3' UTR of Prm-1 will be delayed in translation whereas the 3' UTR of hGH does not confer this delay [19] . The screen yielded 19 positive plaques that bound the Prm-1 3' UTR probe but did not bind, or bound significantly less well, to the hGH 3' UTR probe. Cross-hybridization with the cDNAs from these phages showed that they represent five different genes (data not shown).
The cDNA from one of these five genes, Tenr (testis nuclear RNA-binding protein), was recovered from the screen
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AAA TCT CCC TGT ATA GAG CAA mT AGT ATG TGA AGTAGACAAC ACATTGCATA TTAAAAATCC mATTTTTG GTGTAAA K S P C I E Q F S M 619 1963 AAAAA B. quence are shown in Figure 1A . The Tenr cDNA codes for an arginine-and lysine-rich protein of 72 kDa. Homology searches with the Blast and Intelligenetics suite programs revealed no homologues in the database. However, the Tenr protein does share a common motif with a family of RNAbinding proteins that includes human interferon-induced double-stranded RNA-activated kinase (referred to as p68, DAI, and PKR [29] ), Drosophila staufen [30] , and human TRBP [31] . This domain is underlined in Figure 1A . A comparison between the domains found in Tenr, PKR, and the consensus sequence of the motif [31] is shown in Figure 1B . The Tenr protein also contains a putative bipartite nuclear localization signal [32] between amino acids 122 and 134, double-underlined in Figure 1A .
The Tenr gene was mapped on mouse metaphase chromosomes by FISH using the entire 2-kb Tenr cDNA clone as a probe. Of 44 cells examined, 24 (54.5%) showed signals on both chromatids of one or both chromosomes 3 at region B (Fig. 2) There was no significant hybridization to other chromosomes. Southern blotting experiments using human, mouse, and rat genomic DNAs suggested that the Tenr gene is conserved across these species (data not shown).
Tenr In Vitro RNA Binding
To assess the in vitro binding capabilities of the RNAbinding domain found in the Tenr protein, two different Tenr-MBP fusion proteins were expressed in E. coli and purified by affinity chromatography on amylose resin. One fusion (Tenr-MBP II) contained the amino-terminal 224 amino acids of the Tenr protein that includes the described RNA-binding domain, while the other fusion protein (Tenr-MBP I) consisted of amino acids 225-415 and therefore did not contain the putative RNA-binding domain. Both fusion proteins were used in a Northwestern assay along with a control fusion protein consisting of MBP fused to 13-galactosidase (MBP-1-gal). Northwestern blots containing equivalent amounts of each of the three fusion proteins were denatured, renatured, and probed with equal molar amounts of in vitro-transcribed [ 3 2 P]-labeled RNA probes including the entire Prm-1 3' UTR, the 3' end of the Prm-1 3' UTR, the 5' end of the Prm-i 3' UTR, the hGH 3' UTR, and adenovirus VA RNA, a known inhibitor of PKR [29] . To determine the relative affinities of binding to each of the different probes at different salt concentrations, the blots were washed on successive days with increasing amounts of NaC1. Each wash was followed by an overnight exposure to x-ray film (Fig. 3) . Neither the control protein (MBP-3-gal) nor the Tenr-MBP I fusion protein bound any of the RNAs at the lowest-stringency wash. The Tenr-MBP II fusion protein, which contained the described RNA-binding domain, bound all of the RNA probes. Binding was strongest to the 5' end of the Prm-I 3' UTR, but significant binding to the other four probes was also seen. Binding to all the probes decreased as the concentration of NaCl in the wash buffer was increased, with the most dramatic reduction occurring between the 800 mM and 1.5 M washes. These results indicate that the conserved RNA-binding domain found in the Tenr protein has a salt-dependent affinity for various RNAs in vitro.
To test whether the domain found in the Tenr protein could bind to DNA, the Northwestern blots were probed with equal amounts of single-and double-stranded (Fig. 3) , indicating that this domain does not bind to DNA in a nonspecific manner.
Tissue and Developmental Restriction of Tenr mRNA
To determine the tissue distribution of the Tenr mRNA, a Northern blot containing total mRNA from various mouse tissues was hybridized with a [ 3 2 P]-labeled probe of the entire 2-kb Tenr cDNA. An abundant transcript of 2.0 kb was detected solely in testis (Fig. 4) . No other transcripts were detected in any of the other tissues examined. Hybridization of the Northern blot with a radiolabeled actin probe verified that equal amounts of RNA were present in each lane (except liver).
To determine the cell type and developmental stage of Tenr mRNA distribution within the testis, in situ RNA analysis was performed on testis sections (Fig. 5, top) . Tenr mRNA expression was restricted to germ cells, from mid-pachytene spermatocytes (approximately stage VII) to mid-round spermatids (approximately stage VIII). Tenr mRNA was not detected in elongating spermatids, whereas the Prm-1 control mRNA was detected in late round as well as elongating spermatids (Fig. 5, bottom) .
Localization of the Tenr Protein in the Testis
To determine the localization of the Tenr protein in the testis, immunocytochemistry was performed on Bouin's-fixed paraffin sections of adult murine testis with affinity-purified anti-Tenr polyclonal antibody. Spermatogenesis in the mouse has been divided into twelve developmental stages based on the presence of particular ages of developing germ cells within a given region of a seminiferous tubule [33, 34] . Spermiogenesis, the haploid phase of spermatogenesis, has been divided into sixteen different steps, depending on histological criteria that change as the haploid spermatids develop, including the size and position of the acrosome and the shape of the nucleus [35] . We determined the stage of each of the tubules in which immunostaining of the Tenr protein was detected by staining serial testis sections with periodic acid-Schiffs reagent (an acrosomal marker) and hematoxylin (a nuclear stain). Expression of the Tenr protein was restricted to the nucleus of round spermatid cells, from stages II-XI. Immunostaining was not detectable before stage II; it was strong throughout stages II-XI (Fig. 6 , A and B) and disappeared abruptly and completely after stage XI. Early-stage staining did not appear uniform throughout the nucleus (Fig. 6C) , and confocal micrographs of the Tenr immunofluorescence show that the Tenr protein is distributed in a lattice-like network throughout the nucleus (Fig. 7) . The Tenr protein is excluded from the nucleolus (Fig. 7) . 
DISCUSSION
Tenr DNA Sequence and In Vitro RNA-Binding Properties
DNA sequencing of the Tenr cDNA revealed a predicted protein product of 72 kDa that shows homology with a previously described family of RNA-binding proteins [31, 30, 36] . Homology with the Tenr protein is entirely within sequences that constitute the conserved RNA-binding domain defining this family of proteins. Numerous studies addressing the in vitro binding properties of different members of this family of proteins suggest that they are sequence-independent RNA-binding proteins tlat prefer double-stranded RNAs and highly structured single-stranded RNAs rich in G-C base pairs [29, 31, 37, 38] . The most extensively studied member of this family of proteins, PKR, requires doublestranded RNA substrates of at least 30 bp for minimal bind- ing and substrates of 85 bp or greater for maximum binding [38] . Despite the apparent nonspecific binding properties of these proteins in vitro, genetic studies suggest that at least some of the members of this family interact with selected mRNAs in vivo [39] [40] [41] .
Northwestern analysis revealed that an MBP-Tenr fusion protein containing the described RNA-binding domain was able to bind various RNAs in vitro. The Tenr fusion protein bound strongly to all five of the RNA probes tested, although some of the probes appeared to bind with a somewhat higher affinity than others. Given that the binding studies were performed with the RNA-binding domain in the context of an MBP fusion, it is likely that the full-length protein may have binding characteristics and affinities dif- ferent from those described here. Indeed, the observation that the Tenr-MBP II fusion protein bound the hGH 3' UTR quite well, even though this probe was used as a negative selection in the initial binding screen, argues that the binding characteristics of the full-length protein produced in the recombinant phage are different from those of the Tenr-MBP II fusion protein.
The Tenr fusion proteins did not bind to double-stranded or single-stranded lambda DNAs, indicating that the Tenr RNA-binding domain does not bind to DNA in a sequenceindependent manner. However, these studies do not rule out the possibility that the Tenr protein can bind to specific DNA sequences, nor do they address whether or not the Tenr protein can bind to DNA:RNA hybrids.
Tenr May Function in Spermatid-Specific PostTranscriptional Events
Northern analysis revealed that the Tenr gene is expressed as a single testis-specific transcript, and in situ RNA hybridization showed that the Tenr mRNA is restricted to germ cells from mid-pachytene to mid-round spermatid stages. Immunolocalization of the Tenr protein in testis sections demonstrated that Tenr is located in the nucleus of round spermatid cells from steps 2 to 11. The staining is not uniform throughout the nucleus, and in round spermatid nuclei it manifests a lattice-like appearance in optical cross section with an apparent concentration at the nuclear periphery. The localization pattern and the demonstrated RNA-binding capabilities of the Tenr protein suggest that Tenr binds to nascent transcripts and may be involved in hnRNA processing or mRNA transport.
There are numerous examples of transcripts that are alternatively spliced exclusively in postmeiotic round spermatid cells [47] [48] [49] [50] [51] . The double-stranded RNA-binding characteristics of the RNA-binding domain found in the Tenr protein may stabilize certain snRNA:hnRNA interactions that then lead to preferential splice-site selections for those hnRNAs exclusively in the testis. Different forms of U1 snRNAs are found in mammalian embryonic cells and in the adult testis [52] and could, along with specific trans-acting proteins such as Tenr, contribute to the diversity of alternatively spliced transcripts found in the testis.
Since many messages expressed from the haploid spermatid genome are under translational control [5, 6] , there may be trans-acting factors within the nucleus that shunt these messages into distinct pathways of transport and mRNP packaging-pathways separate from those that are used by mRNAs not subject to this control. It is likely that such proteins would be testis-specific and would bind directly to sequences that may "mark" such RNAs for a translational control pathway. The Tenr protein could directly shuttle such messages to the cytoplasm and affect the subsequent mRNP packaging of these messages; or it could remain in the nucleus and influence the nature of other hnRNP proteins that associate with these messages and thus could indirectly affect their transport and cytoplasmic fate. Although we cloned Tenr as a possible Prm-1 translational control factor, at this time we have no evidence for a direct interaction between the Tenr protein and Prm-I mRNA in vivo. Clearly, the identification of the in vivo binding substrates of Tenr will be informative as to the true function of the protein and its described RNA-binding domain.
Translational Control of Tenr mRNA
The Tenr gene itself appears to be under translational control in that its mRNA is first detected in pachytene spermatocytes while the Tenr protein is not detected until the haploid spermatid stage. Although translational regulation is common during mammalian spermatogenesis, nearly all of the genes that have been reported to be under translational control are transcribed in early spermatids, and their mRNAs are translated in late-stage spermatids. Translational vs. transcriptional control is necessary for these genes, as global transcription ceases well before much of the structural development of the elongated spermatid has taken place [7, 8] . However, it is not clear why a gene like Tenr is translationally controlled, since it is transcribed during meiosis and its mRNA is translated in round spermatids, all well before the cessation of transcription.
